Non-transformed animal cells require to adhere to specific types of solid substrata in order to survive and divide in vitro. Most cells do not spread directly on the substratum, but interact with adsorbed serum components (Taylor, 196 1) .
By using electron microscopy, Revel & Wolken (1973) observed that these components were evenly spread across the substratum as a monolayer. Grinnell & Hays (1978) attempted to study the chemical composition of this layer by fractionating whole foetal calf serum to enrich the classes of macromolecules that permit normal attachment and spreading of fibroblasts. This method showed that purified serum fibronectin may be the active factor. However, it was demonstrated, by using interference-reflexion microscopy, that cells grown on glass precoated with purified fibronectin have poorly organized adhesion plaques (Thom et al., 1979) , and that extended fibroblasts do not 'round-up' completely on fibronectin-adsorbed substrata, a process that is necessary during mitosis (Pena & Hughes, 1978) . This suggests that other adsorbed serum factors have a role in cell adhesion. As Harris (1973) studied the locomotion of fibroblasts on several substrata and found them to exhibit a preferential gradient of affinity, it was decided to compare the adhesiveness of some commercially available tissue-culture substrata and to extract the adsorbed serum layers to determine any variation in the components.
BHK-21/C 13 hamster fibroblasts were grown in monolayer culture in the Glasgow modification of Eagle's minimum essential medium, supplemented with 10% (v/v) newborn calf serum. Cells from confluent cultures were harvested with 0.02% EDTA. They were washed and suspended at a concentration of lo6 cells/ml in attachment medium [4-(2-hydroxyethyl)-1-piperazine-ethanesulphonic acid (Hepes)-buffered balanced salt solution containing 5% (v/v) newborn calf serum]. Cell number was calculated from a previously determined linear relationship between cell number and absorption at 640nm.
The substrata used in these experiments were soda-glass medical flats, Falcon plastic tissue culture flasks, Pharmacia Cytodex TM 1 microcarriers. Becosyn nylon mesh and dichlorodimethylsilane-coated glass medical flats.
The cells were exposed to the various substrata for the time periods disignated in the experiments. At the end of the incubations, the non-adherent cells were resuspended by gentle shaking and counted. All glassware, except the tissue-culture flasks, was coated with 2,4-dichlorodimethylsilane to minimize cell attachment.
The substrata were exposed to modified Eagle's minimum essential medium containing 10% (v/v) newborn calf serum at 37OC for 24h. The medium was decanted and the substratum was washed extensively in phosphate-buffered saline. The adsorbed proteins were removed by treatment with 0.2% sodium dodecyl sulphate. The fractions were then concentrated by overnight dialysis against poly(ethy1ene glycol) at 4OC (Culp & Buniel, 1976) .
Sodium dodecyl sulphate/polyacrylamide-gel electrophoresis was used to resolve the constituent proteins under reducing conditions (5% mercaptoethanol), 1 &30% polyacrylamidegradient slab gels being used.
BHK cells attached to the various substrata at markedly different rates. Attachment was most rapid in the absence of serum, with an initial rate of 19.4%/min on glass; however these cells cannot spread and grow without serum. In the presence of serum, attachment to microcarrier beads was of a similar order, 11.6%/min, although the final degree of attachment was only 70%, largely because some cells did not settle on the bead surface.
Attachment to other substrata was slower, with glass at 3.8%/min, nylon at 2.4%/min and plastic at 2.l%/min. Cells would not attach to silane-treated surfaces, as these are non-wettable and therefore will not support cell adhesion.
The profiles of the adsorbed proteins from the four substrata differ markedly in their relative proportions, although there were obvious similarities in the overall pattern. All substrata showed similar patterns of adsorbed proteins with molecular weights below that of serum albumin; however, major differences occurred with higher-molecular-weight glycoproteins and lipoproteins. As shown in Table 1 , microcarriers adsorbed little of this high-molecular-weight material from serum, in which it forms about 40% of the total proteins. Of the seven major peaks in this region, many of which were not single bands, six were Table I . Relative proportions of adsorbed serum proteins extracted from the substrata as indicated in the text Peak heights (from scans of gels) are expressed as percentages of the total serum albumin, and the R, is the mobility of the protein band relative to that of bovine serum albumin (indicated as 1.00) in sodium dodecyl sulphate/polyacrylamide gradient gels (10-30% (Haas & Culp, 1979) , but it is strongly adsorbed by all four substrata, and hence cannot account for the different adhesion rates exhibited. The attachment rates correlate well with the absence of proteins in the molecular-weight range 7000Ck130000. but not with any single protein.
This is in agreement with the concept that attachment is a physical process depending on the hydrophilicity of the surface layer, whereas spreading and subsequent growth depend on more specific interactions, possibly with proteins such as fibronectin.
